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Abstract A production-theory approach to migration is
adopted in this paper to address the role of migrant workers
from extra-EU countries in Italian manufacturing firms. The
adoption of flexible functional forms to model firm-level
technology lets us directly derive different measures of
elasticity from the coefficients of the estimated production
and cost functions. The use of foreign labour is shown to
affect the industry composition in favour of low skill
intensive sectors and the estimated cross demand elasticities
confirm the complementarity between migrant and native
workers found in previous studies. However, the two labour
inputs prove to be substitutes in terms of the Morishima
elasticity of substitution: in general, firms tend to increase
the foreign labour intensity of production in response to a
decline in migrants’ wage, while the migrant to domestic
labour ratio responds to changes in the domestic workers’
wage only for firms in low skill intensive sectors.
Keywords Migrant workers  Output elasticity 
Morishima elasticity of substitution  Translog
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1 Introduction
Migration, and specifically workers’ mobility, is a wide
and complex phenomenon that has long since drawn the
attention of economic literature. Large inflows of migrants,
mainly from developing countries, have raised doubts on
the absorbing capacity of richer economies: public opinion
is often concerned that migrants take jobs away from native
workers and burden on developed countries’ welfare sys-
tems which are facing population ageing and birth rates
decline.
The literature so far has focused on the impact of
migrants on the labour market and in particular on the
domestic wage. By means of Census or Labour Force
survey data, most of the empirical studies have found
evidence of complementarity between domestic and for-
eign labour and only modest evidence of detrimental
effects deriving from immigration, or even no evidence at
all (Card 2001; Ottaviano and Peri 2011; D’Amuri and Peri
2011). At the aggregate level, Docquier et al. (2010)
compute long-run effects of both immigration and emi-
gration flows on wages of native low-skilled and high-
skilled workers in European countries between 1990 and
2000. While emigration negatively affects average wages
and wage inequality, the effect of immigration is positive
on both sides.
The mixed empirical evidence might depend on the fact
that most studies disregard the occupational dimension and
simply focus on workers’ educational attainment. In this
respect, Steinhardt (2011) shows that, by following the
standard approach of classifying workers according to their
education and work experience, no negative effects on
native wages emerge. On the other hand, when taking
immigrants’ occupational clustering into account, a clear
negative impact emerges on the wages of native workers,
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particularly those employed in basic occupations in the
service sector, like cleaning or retail trade activities.
Migrants specialise in manual and low-skill intensive jobs,
while natives prefer high-skill intensive occupations or
simply jobs requiring different levels of ability in terms of
language and communication tasks (Peri and Sparber
2009). However, a further explanation of inconsistent
empirical results might lie in the fact that the analyses
based on Labour Force Survey and Census data are not able
to capture the impact of migrants on the production
structure of the economy. Across sectors, migrants could
affect production techniques and, ceteris paribus, an
increase in the availability of low-skilled workers might
cause a Rybczynski effect and generate a reallocation of
resources towards low skill intensive sectors. This implies
that, even in the absence of any sizable labour market
effect, the inflow of migrants may importantly affect the
structure of the economy and its growth potential. In this
respect, a recent strand of empirical literature developed
with the specific aim of disclosing the within- and between-
industry impact of foreign labour. Evidence in favour of
within-industry instead of between-industry adjustments
stemming from increased migration inflows has recently
been found in empirical studies on Spain and Germany
respectively by Gonza´lez and Ortega (2011) and Dustmann
and Glitz (2008), in line with the previous findings for the
US (Card and Lewis 2005). The inflow of migrants is
associated with a reduction in the average skill intensity
across sectors. By the same token, increased skill intensity
is sorted out in Israel because of the high-skilled migrants
coming from Russia (Gandal et al. 2004). At the firm level,
Lewis (2011) shows that the increase in the supply of low-
skilled workers in the US metropolitan areas due to
immigration significantly induces firms to adopt less
machinery per unit output. Opposite evidence is provided
for Italy by Accetturo et al. (2012) who show that an
increase in immigration of low-skilled workers from
developing countries, measured at the provincial level,
raises the capital intensity in small manufacturing firms.
Kangasniemi et al. (2012) instead look at the impact of
immigration on productivity performance at sectoral level
in Spain and the UK. While in the UK the long term effect
of foreign workers on total factor productivity is positive
and their contribution to labour productivity growth is
negligible (although negative) in size, both effects are
negative and significant in the case of Spain.
All the different contributes mentioned above are cru-
cially linked to the kind of relationship (complementarity/
substitutability) that exists between migrant and native
workforce in terms of skill levels. And despite factor
complementarity and substitutability depict firms’ deci-
sions over production techniques, the mentioned studies
investigate the effects of immigration on production by
means of Census or Labour Force Survey data, with the
only exception of Lewis (2011) and Accetturo et al. (2012)
which rest on firm level datasets. However, the two studies
estimate reduced form models where migration is mea-
sured at the province/metropolitan area level and is by no
means observed at the firm level.
In this paper, we aim at assessing the contribution of
migrants to an advanced economy’s manufacturing sector
by making use of firm level information on foreign-born
workforce. In particular, we adopt a production theory
approach at the firm level and shed light on the impact of
extra-EU workers on Italian manufacturing output, on the
skill intensity of the production techniques and on the
native workers’ demand.
The production-theory approach to migration was
introduced by Grossman (1982) and has been further
developed by Kohli (1993, 1999) in an analysis for Swit-
zerland. His estimation results, derived from the GNP-
function framework, show that nonresident and resident
workers are substitutes for each other while imports and
nonresident labour are found to be complements. This
holds both in terms of Allen-Uzawa elasticities of substi-
tution and in terms of Hicksian elasticities of
complementarity.
Making use of the 9th wave of the Survey on Italian
Manufacturing Firms carried out by Capitalia in 2004 (with
information on the period 2001–2003), we first retrieve
output elasticities from the parameter estimates of a tran-
slog production function, which allow us to assess the
contribution of extra-EU migrants to manufacturing output.
In a second step, we shed light on the substitutability/
complementarity relationship between natives’ and
migrants’ labour, and more in general among all production
factors, by estimating a cost function and computing the
demand elasticities. These measures may be informative of
the linkages between domestic and migrant labour espe-
cially in a framework with rigid wages like the Italian
labour market and in a short-term time horizon, where
scale effects are less important in magnitude than changes
in the choice of the production techniques.
Finally, to assess the impact of factor price changes on
the foreign labour intensity of production for a given
output level, we move from absolute—i.e. the demand
elasticity measure—to relative measures of substitutability
and calculate the Morishima elasticities of substitution
(MES). To the best of our knowledge, it is the first time
that a relative measure of substitutability is adopted to
assess the relationship between native and foreign workers
in production. Whereas the absolute demand elasticities
inform us on the absolute change in the demand of a
production factor with respect to the price of another
factor, MES inform us on the change in the ratio between
the quantities of the two inputs after one of the two prices
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changes. In particular, it can be interesting to analyse
whether the firm responds to a rise in the domestic
workers’ wage with an increase in the ratio of foreign to
domestic workers for a given output level. At the same
time, MES may highlight whether the willingness of
migrants to accept lower wages could foster a reduction in
the ratio of domestic to migrant workers in production.
Therefore, we consider MES as a more informative elas-
ticity of substitution from which to draw implications for
the manufacturing firm production techniques in terms of
skill intensity.
Analysing the role of foreign labour in Italian manu-
facturing production is an interesting empirical issue since
in recent years the country has experienced a rapidly
increasing migration from developing countries. Despite
the labour market evidence of complementarity between
migrants and natives (Gavosto et al. 1999) and the fact that
foreign workers are mostly employed in sectors that
domestic workers usually try to avoid such as construction
and services (Istat 2009), complaints about migrants
stealing jobs from natives within the manufacturing sector
are still frequent. In addition, the future prospects of Italian
manufacturing firms may be closely linked to the conse-
quences of an increasing presence of migrant workforce as
well. To the extent that an inflow of low skilled migrants
actually stimulates the adoption of less skill intensive
techniques (Lewis 2011), this may further contract the
technological upgrading whose lack and inadequacy have
already been recognized as responsible for the decline of
Italian manufacturing sector.
From our findings, the output elasticity of foreign labour
is rather small and extra-EU migrants especially contribute
to output in low skill intensive sectors thus favouring,
ceteris paribus, an increasing weight of these activities in
the Italian manufacturing output. Absolute demand elas-
ticities confirm the complementarity found in previous
studies between migrants and natives, regardless of work-
ers’ skill level, while the two labour inputs are substitutes
in terms of the Morishima elasticity of substitution. This
result needs some more qualifications: in general, firms
only tend to increase the foreign labour intensity of pro-
duction in response to a decline in its own wage, while the
foreign to domestic labour ratio does not seem to vary
when price changes concern domestic labour. This result,
however, is not valid in the subsample of firms operating in
low skill intensive sectors. All in all, an increase in the
foreign workforce from non-EU countries slightly con-
tributes to the decline of the skill ratio in Italian manu-
facturing firms.
The work is organized as follows: Sect. 2 and 3
respectively present the empirical model and the data in
detail. Results from the estimates are discussed in Sect. 4,
while Sect. 5 concludes.
2 The empirical model
The substitutability/complementarity among production
factors and their contribution to the output can be assessed
by the estimates of the technological parameters retrieved
from a production function or its dual cost function. Our
interest in the substitutability among factors and the
availability of firm level information on production inputs
and output led us to choose a translog production function
(Christensen et al. 1973) which imposes no a priori
restriction on the relationships among factor inputs. The
function is specified as follows:
lnYf ¼ a0 þ
X
i
ailnXfi þ 1
2

X
i
aiilnXfilnXfi
þ
X
i
X
j6¼i
aijlnXfilnXfj
ð1Þ
For each firm f in our sample, lnY measures the logarithm of
real output while lnXi represents the log of the quantity of
input i used in production. In the model i indexes the
technology inputs, which, in the basic specification, are
materials ( IM), services (IS), capital (K), domestic labour
(LD) and foreign labour (LM), respectively. We also explore
a six-input production technology where we relax the
assumption of homogeneity within the group of domestic
workers LD and split them into white, LDW , and blue collars,
LDB. Foreign labour is kept as a unique factor of production
which is assumed to be exclusively composed by workers
employed in low skilled occupations as supported by evi-
dence from different data sources (see Sect. 3).
To improve the estimation efficiency, the production
function is augmented, as usual in the literature, with the
input share equations obtained as its first derivatives:
Sfi ¼ ai þ aiilnXfi þ
X
j 6¼i
aijlnXfj ð2Þ
Under the hypothesis of constant returns to scale and profit
maximization, Si represents the share of input i in total
output:
olnY
olnXi
¼ oY
oXi
 Xi
Y
¼ Si
To overcome the lack of information on the share of labour
costs attributable to foreign workers, we follow Yasar and
Morrison Paul (2008) and we express the share of the two
labour inputs as a sum. We then include the share of overall
labour which is something we actually observe:
SfL ¼ SfLD þSfLM ¼ðaLD þaLM ÞþðaLDLD þaLLM LDÞ lnðLDÞ
þðaLMLM þaLMLDÞ lnðLMÞþðaLDK þaLMKÞ lnðKf Þ
þðaLDIM þaLMIMÞ lnðIMf ÞþðaLDIS þaLMISÞ lnðISf Þ
ð3Þ
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From the parameter estimates of the above system it is then
possible to calculate the output elasticities for each factor
as
olnYf
olnXif
.
The following step in our analysis is to investigate the
response of the demand for foreign labour to an increase in
the wage of domestic workers. In this respect, a null or
positive response of the domestic wage to the increased
availability of foreign workers could be observed, while an
increase in the wage of domestic workers might actually
foster their substitution with migrant workers. If an
increase in the price of input j raises/lowers the demand of
input i, the two factors are classified as p-substitutes/com-
plements. This piece of information is contained in the
partial demand elasticities which are based on the estimates
of the Allen elasticities of substitution (AES), r.
Despite indirect estimates could be retrieved also from
the production function estimation, the dual approach
represents in our opinion the most natural way to compute
the AES, and consequently the partial demand elasticities.
Therefore, we estimate a translog short-term cost function
with log of prices substituting for the log of input quanti-
ties. and the log of the cost substituting for the log of output
in Eq. 1 (Kohli 1999; Mundra and Russell 2001). We use
sector level prices of material and services and average
wages for domestic and foreign labour at the region-sector1
level, keeping capital fixed. The cost function is estimated
jointly with the cost shares of inputs and we adopt the
strategy already mentioned to overcome the lack of infor-
mation on the exact firm level measure of the shares of
domestic and foreign labour.
The partial demand elasticity of factor i with respect to
factor j’s price, gxipj , is calculated as follows:
gxipj ¼ rij  Sj ¼
bij þ Si  Sj
Si
ð4Þ
with bij corresponding to the parameters retrieved from the
cost function estimation. gxipj therefore represents the per-
centage response of the demand of input i to an increase of
1 % in the price of input j.
Finally, we obtain the Morishima elasticity of substitu-
tion (MES) as:
MESij ¼ gxipj  gxjpj ¼
olnðXi=XjÞ
olnPj
ð5Þ
Whereas cross-price elasticities are absolute measures of
substitution, the MES represents a relative substitution
elasticity and measures the percentage change in the ratio
of input i to j when only pj varies and all other prices are
constant. Two factors i and j are termed MES-substitutes if
MESij [ 0 and MES-complements if MESij\0 (Chambers
1988).
In other words, one might observe that although an
increase in natives’ wages decreases the demand for both
native and foreign labour, the latter might decline less, thus
causing production techniques to become more foreign
labour intensive. In this sense two factors can be MES
substitutes even if they have been classified as comple-
ments when dealing with absolute demand elasticities. The
issue has been widely discussed in the literature (Blackorby
and Russell 1989; Chambers 1988; Nguyen and Streit-
wieser 1997; Frondel 2004; Stern 2011) with many con-
tributes pointing at MES as the right informative elasticities
to assess the curvature of an isoquant when the production
technology employs more than two factors, although other
measures of substitutability may better capture the shape of
the production technology in the multi-input case.2 Since
MES keeps the prices and not the quantities of the other
inputs fixed, for a given level of output we can assess how
and if changes in the price of the domestic or foreign labour
affect their ratio within the firm. In this respect, the
asymmetry of MES allows us to better explore the response
of the relative position of foreign and domestic labour in
production in terms of their relative cost shares after a
change in one of the two wages and to isolate the effect of
such a change on the firm’s skill ratio.
2.1 Estimation issues
In the following, we employ the Maximum Likelihood
Zellner-efficient estimator to estimate the system made up
of the production function (cost function) displayed in
Eq. 1 and the revenue (cost) share equations displayed in
Eq. 2. Elasticities are obtained by combining the parameter
estimates with the predicted factor shares and their
respective standard errors are calculated by means of the
delta method.
Homogeneity of degree one has been imposed both on
the production and cost function3 and all specifications
include time, sector, area and firm size dummies together
1 Sector variation is at the level of divisions of NACE Revision 1
while regions are defined at NUTS 2 level.
2 As an example, Stern (2011) refers to the Symmetric Elasticity of
Complementarity, SEC, as the ‘‘best overall statistic summarizing the
production technology’’ since it ‘‘holds the quantity of the other
inputs constant and hence measures the shape of the traditional
production isoquant.’’
3 Homogeneity and symmetry are imposed through the following
restrictions:
P
i ai ¼ k,
P
j aij ¼ 0 and aij ¼ aji in the case of the
production function and
P
i bi ¼ k,
P
j bij ¼ 0 and bij ¼ bji in the
case of the cost function. For the linear homogeneity k ¼ 1. We
estimated the production and cost function both for the k homogeneity
and linear homogeneity cases and results do not change substantially;
therefore, we simply present the results for the constant returns to
scale production technology. The remaining set of results is available
from the authors upon request.
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with the regional unemployment rate and the regional share
of irregular workers in order to capture local economic
conditions.4
Since taking the log of foreign labour leads to exclude
those observations where this input is equal to zero, we
restrict the sample to the firms using foreign labour. We
control for sample selection by including the OLS residuals
from the estimation5 of the probability of hiring foreign
workers (Rivers and Vuong 1988; Vella 1998).
Finally, most of the empirical contributions that estimate
the elasticity among production factors (Berndt 1991;
Nguyen and Streitwieser 1997; Kohli 1991, 1999, 2002;
Yasar and Morrison Paul 2008) do not correct for the
endogeneity of the right hand side variables in the pro-
duction function. We have addressed this issue by imple-
menting a 3 Stages Least Squares (3SLS) estimator where
all the production factors, their squares and their interac-
tions have been instrumented by means of their lagged
value and of their current and past prices. The estimated
production function coefficients and output elasticities are
very close to the ones from baseline estimates, but the
number of violations of the first and second order condi-
tions is higher in some cases and the use of lagged values
as instruments leads to the loss of one sample year.6
Therefore, as no striking difference emerges in the esti-
mates, we prefer to stick to baseline results which rest on a
larger sample and bear a definitely lower number of
violations.
3 Data and descriptive evidence
The data used in the following analysis are retrieved from
the 9th wave of the Capitalia Survey, containing plenty of
information on Italian manufacturing firms’ characteristics
and activities for the period 2001–2003. Unfortunately, we
are not able to exploit either previous waves, which include
no information concerning migrant workforce, or the fol-
lowing one where this piece of information—available just
for 1 year—is coded differently.7 The dataset includes all
firms with more than 500 employees, while for firms with
more than 10 and less than 500 employees a rotating
sample is created stratifying by industry, size class and
geographical area. Information concern firms’ output,
inputs, investments, innovation activities, internationalisa-
tion strategies and, more importantly for our aims, firms are
asked about Extra European Community (EC)8 employees
hired each year. From now on, we will indifferently refer to
these workers as migrants or foreign workers.
After a cleaning procedure,9 we end up with a sample of
3,264 firms for a total of 9,314 firm-year observations in
4 Firm fixed effects were not included as the time dimension of our
data set is too short and time demeaning would result in poor
coefficient and elasticities estimates. Nevertheless, in the light of the
empirical and theoretical literature stressing the existence of impor-
tant within sector firm heterogeneity, in order to account for it—apart
from the inclusion of size dummies—we ran two checks adding firm
innovation and trade status dummies to the basic system specification.
These two firm activities are the most related to unobserved
heterogeneous efficiency levels which are unobserved and unac-
counted for in our empirical framework. Thus, we firstly added two
dummy variables to account respectively for product and process
innovation, and secondly we included two dummy variables to
account for firm import and export status. Both sets of results did not
show any relevant change compared to the basic specification and are
not shown for the sake of brevity, but they are readily available from
the authors upon request.
5 The first-step model includes labour productivity, capital intensity,
the firm’s age and size with their squared value and several other
firms’ characteristics: dummies for investors, innovators, offshoring,
import and export status and intensity, a dummy for the destination of
offshoring and for the type of activity offshored, sector and area of
activity. Results are not shown for the sake of brevity.
6 It is worth mentioning that we tested for a number of alternative
sets of instruments. First of all, we made use of different instruments
under the hypothesis of inputs in the production function being
subject to adjustment frictions (Bond and So¨derbom 2005). So, we
tested for the use of lagged inputs and output and the use of ‘‘gmm
style’’ instruments in both the static and dynamic production function
in levels, differences and system. Such attempts gave rather poor
outcomes, especially in terms of first order conditions violations. This
is consistent with some of the inputs—migrant labour, as well as
materials and services—constituting flexible inputs, or at least inputs
characterised by low adjustment costs in manufacturing production.
We then exploited the cross-sector variation in prices of capital,
Footnote 6 continued
services and materials and cross-region-sector variation in wages to
instrument our production function inputs, under the assumption of
price taking behaviour of firms. Again an extremely high number of
violations of the first and second order conditions emerged, consis-
tently with some of the inputs—e.g. domestic labour and capital—
being actually subject to relevant adjustment costs. Then, to account
for the existence of inputs with a different level of adjustment costs
without an a priori assumption on the input nature as quasi-fixed or
flexible, we instrumented all production factors, their squares and
interactions by means of their lagged value and of their current and
past prices. The latter choice led to the loss of a much lower number
of observations due to the violation of the first order condition with
respect to the other mentioned alternatives. Furthermore, the IV
diagnostics were satisfactory, with the F-statistics in each first-stage
equation highly significant and the Hansen J test not rejecting the null
hypothesis of the validity of instruments. However, results stemming
from the adoption of instrumental variables do not substantially differ.
The 3SLS estimates making use of this set of instruments are not
shown for the sake of brevity, but they are available from the authors
upon request.
7 While in the 9th wave of the Capitalia survey firms are asked about
Extra European Community workers, in the 10th wave the question
concerns all foreign born workers. The information therefore are not
directly comparable.
8 The period of the analysis is prior to the two rounds of Eastern EU
enlargement so Extra European Community workers include also
citizens from the new Member States.
9 We drop observations with missing data for our variables of interest
(output, value added, employment, capital, services materials, and
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the period 2001–2003; 1,403 firms have employed migrant
workers at least in 1 year of the period 2001–2003 (3,822
firm-year observations).
As the Capitalia database provides information on the
total number of white (directors and clerical workers) and
blue (manual workers) collars within the firm, with no
distinction on the basis of their nationality, we assume that
all extra-EU workers are employed in low-skilled manual
occupations. Such assumption is checked by employing the
‘‘Work History Italian Panel’’ (WHIP) database which
consists in a representative sample of the Italian employ-
ment based on the INPS (National Institute of Social
Security) administrative archives. WHIP data show that
91 % of foreign-born workers is represented by extra-EU
migrants. This confirms that the population of extra-EU
migrants, which represents the focus of our analysis, is
highly representative of the migration phenomenon in Italy.
Moreover, the public’s growing concern about immigration
is mainly related to this group of foreign workers. In terms
of skill level, on average, 94 % of extra-EU migrants was
employed in blue collar jobs between 2001 and 2003. In
addition, by exploiting Italian Labor Force Survey data,
Bettin (2012) shows that in 2006 around 60 % of extra-EU
workers were low educated (lower secondary school or
less) and 95 % of them worked as blue collars. These
figures are pretty stable, at least up to 2010. These pieces of
evidence make us confident that our choice to consider
migrant labour substantially as a unique type of low skilled
labour and white collars as purely represented by native
workers is not going to bias our estimates of the six-input
production function.10 Furthermore, as Steinhardt (2011)
suggests, it allows to take into account the occupational
segregation of immigrants irrespective of their actual level
of education. Data from the Capitalia sample also show
that the share of migrants employed by firms decreases
with the white collars share on total employment, thus
possibly confirming that migrants are mainly employed in
low skilled jobs.
As discussed in the previous section, besides the firm’s
production function, we estimate its dual cost function
which requires the use of input prices. Since we have no
firm level prices for production factors at our disposal, we
make use of sectoral level prices. Material and services
price indices have been retrieved from EU-KLEMS Data-
base11 and are defined at 2 digit NACE Rev.1 level.
With reference to wages, the Capitalia database allows
us to compute just an average wage—regardless of work-
ers’ nationality—as the ratio between the firm total labour
cost, from balance sheet, and the number of employees.
Therefore, in order to have distinct wages for native and
migrant workers, we employ the individual-level admin-
istrative information from the WHIP database and compute
the average wages for both native and migrant workers by
region and NACE division. Due to the lack of firm level
information on natives’ and migrants’ wages, we exploit
these averages at region-sector level gathered from WHIP,
so that all firms located in the same geographical area and
operating in the same sector of activity face the same
migrants’ and natives’ labour prices. The high representa-
tiveness of the WHIP information with respect to the
employees’ population in Italy makes us confident about
the validity of our strategy.12 The reliability of these
proxies and the consistency of firm level wage bills re-
computed on the basis of WHIP wages with total wage bills
declared by firms in their balance sheet is further discussed
in the Appendix 1.
Turning to our firm level sample, we report some sta-
tistics about the employment of foreign workers in Table 1.
In particular, we focus on the distribution of firms
Table 1 Firms employing foreign labour by sector, size and area, %
MIGR shLM shLMMIGR¼1
All sample 43 4.61 9.33
Area
North 48.46 4.65 9.60
Center-South 25.59 2.12 8.27
Sector
High skill intensive 40.98 3.72 9.07
Low skill intensive 41.16 3.97 9.66
Size
SMEs 41.37 4.09 9.88
Large firms 38.21 1.48 3.88
All values are in percentage (%)
MIGR: share of firms employing foreign labour; shLM : average share
of foreign employees on total employment for the whole sample;
shLMMIGR¼1: average share of foreign employees on total employment
for firms hiring migrant workforce
Footnote 9 continued
labour costs), or with implausible negative values. We also delete
firms which are considered as outliers for at least 1 year in the sample
period. Outliers have been defined as observations from bottom and
top percentile of the distribution of the value-added/labour and cap-
ital/value-added ratios.
10 In addition, if we look at the macro-level data for Italy displayed in
Docquier et al. (2009) where the stock of immigrants by country of
origin and educational level is provided for 1990 and 2000, we get
evidence in favour of extra-EU immigrants as being most low
educated. In 1990, 56 % of extra-EU immigrants had just completed
primary education, 31 % of them also completed secondary education
while only 13 % had a higher degree.
11 The database can be accessed at http://www.euklems.net.
12 It is fair to assume that wages for the same employee skill level
and nationality are pretty homogeneous across firms within the same
sector and geographical region. Also, the use of sector-region level
wages helps to mitigate the endogeneity issue.
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employing migrants across sectors,13 size classes14 and
geographical areas.15 About 43 % of Italian manufacturing
firms in the sample was employing migrant workers in
2003, even if the average share of migrants on the total
employment of those firms was rather low (9.33 %). High
skill intensive sectors seem to be less likely to employ
foreign workers compared to low skill sectors even if we
cannot detect any strong difference according to the tech-
nological level. The use of foreign labour is more wide-
spread in Northern regions, where the presence of migrants
has always been higher thanks to better job opportunities.
Concerning firm’s size, the smaller the firm, the higher the
share of migrant workers in the total employment.
In order to enrich the above information, Table 2 shows
that, once accounted for firms’ sector, geographical area
and size class, regional unemployment rate and the regio-
nal share of irregular workers,16 firms employing foreign-
ers have on average lower output, productivity, skill
intensity and total costs. They also pay lower wages and
display a lower wage ratio between high and low skilled
workers. On the other hand, they are larger in terms of
number of employees and more capital intensive. A higher
capital intensity, together with a lower skill intensity for
firms using migrant labour may be supportive of the evi-
dence that extra-EU workers are mainly blue collars per-
forming unskilled tasks that possibly complement the use
of machineries, as suggested by Accetturo et al. (2012).
4 Results
We estimate production and cost functions for the whole
sample of firms and for the two subsamples of high and low
skill intensive sectors.17 Henceforth, each Table will
present the results concerning the five-input technology—
native and foreign labour, LD and LM respectively, mate-
rials, IM, services, IS and capital, K—on the left hand side
and the ones for the six-input technology—with domestic
labour split into white collars, LDW , and blue collars, LDB—
on the right hand side. Table 3 reports the production
function coefficients gathered by estimating the system
described by Eqs. 1–3 in the previous section. These
coefficients are not readily interpretable given that, under
the translog functional form, marginal product elasticities
for each input vary from observation to observation. We
then exploit these estimates in order to compute the output
elasticities at the sample average of the variables. Table 4
shows instead the results of the translog cost function. The
validity of our empirical models is confirmed by testing for
the regularity conditions of monotonicity and quasi-con-
cavity required by the theory for both the production and
cost functions, that are displayed and discussed for both
functions in Appendix 2 and 3 respectively.18
Table 2 Migrant versus only-natives employers
y lp l sk ky c pL
pLDW
pLDB
MIGR -0.03** -0.06*** 0.25*** -0.06*** 0.06*** -0.04** -0.08*** -0.11***
[0.02] [0.01] [0.02] [0.00] [0.02] [0.02] [0.01] [0.02]
Obs 9,298 9,298 9,298 9,298 9,298 9,179 9,179 9,104
R2 0.69 0.08 0.04 0.11 0.10 0.68 0.15 0.10
All regressions include sector, size, area dummies, the regional unemployment rate and the regional share of irregular workers
y: log of output; lp: log of labour productivity; l: log of number of employees; sk: skill ratio; ky: log of capital over output; c: log of total cost; pL:
log of average wage; pLDW =pLDB : log of native white to blue collars wage ratio. OLS regressions. S.E. are reported in brackets
*** p\0:01; ** p\0:05; * p\0:1:
13 Sectors are classified as low skill intensive if they belong to the
Traditional activities from the Pavitt’s taxonomy. These activities are
characterised by a lower skill ratio if compared with Non Traditional
Sectors (Science-based, Scale-intensive and Specialised Suppliers)
and their ratio is below the median value. Based on the 3 digit NACE
Classification, low skill intensive sectors are 151–205, 212, 245, 246,
251, 286–287, 361–362, 364–366. High skill intensive sectors are
211, 221–244, 247, 252–285, 291–355, 363.
14 SMEs are firms with less than 250 employees and include 90 % of
the sample.
15 Italy is divided into 20 NUTS 2 level administrative regions which
are commonly grouped into four different areas characterised by
similar geographic and economic conditions. The four areas are
North-West, North-East, Center and South, even if for convenience
here we group the Northern regions from the one part and the Central
and Southern regions from the other. The latter also includes the two
islands, Sardinia and Sicily. Firms in the Northern regions represent
68 % of our sample.
16 Both the regional unemployment rate and the regional share of
irregular workers are from the National Institute of Statistics (Istat).
The latter measure is computed as the percentage share of irregular
workers on total workers in the region and its use in the estimation
process allows us to account for the possible misreporting or
underreporting of the number of foreign workers employed irregularly
by the firms.
17 We also investigated heterogeneity across other dimensions—
firms’ size, location and international exposure—with no significant
differences in estimation results.
18 For the sake of brevity, we just report the regularity conditions for
estimations covering the whole sample of firms.
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Table 3 Production function estimates
Y ¼ FðLD; LM ; K; IM; ISÞ Y ¼ FðLDW ; LDB; LM ; K; IM; ISÞ
All High skill
intensive
Low skill
intensive
All High skill
intensive
Low skill
intensive
[1] [2] [3] [4] [5] [6]
aLD 0.529*** 0.555*** 0.515***
[0.006] [0.009] [0.009]
aLDW 0.262*** 0.266*** 0.245***
[0.009] [0.011] [0.014]
aLDB 0.315*** 0.306*** 0.314***
[0.008] [0.010] [0.012]
aLM 0.056*** 0.050*** 0.055*** 0.077*** 0.067*** 0.081***
[0.004] [0.005] [0.007] [0.005] [0.007] [0.008]
aIM 0.122*** 0.101*** 0.125*** 0.056*** 0.043*** 0.071***
[0.004] [0.006] [0.006] [0.006] [0.008] [0.008]
aK 0.091*** 0.093*** 0.100*** 0.114*** 0.136*** 0.108***
[0.004] [0.006] [0.005] [0.006] [0.008] [0.008]
aIS 0.203*** 0.201*** 0.206*** 0.176*** 0.182*** 0.180***
[0.005] [0.006] [0.007] [0.006] [0.008] [0.010]
aLDLD 0.080*** 0.087*** 0.076***
[0.002] [0.002] [0.002]
aLDW LDW 0.022*** 0.017*** 0.032***
[0.002] [0.002] [0.003]
aLDBLDB 0.020*** 0.022*** 0.024***
[0.002] [0.002] [0.003]
aLM LM 0.002*** 0.003*** 0.001 0.002** 0.002** 0.002
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
aIMIM 0.193*** 0.198*** 0.191*** 0.195*** 0.200*** 0.192***
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
aKK 0.0121*** 0.0137*** 0.0124*** 0.010*** 0.011*** 0.010***
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
aISIS 0.160*** 0.165*** 0.155*** 0.160*** 0.165*** 0.155***
[0.001] [0.001] [0.001] [0.001] [0.001] [0.002]
aIMLD -0.058*** -0.063*** -0.056***
[0.001] [0.001] [0.001]
aIMLDW -0.028*** -0.031*** -0.024***
[0.001] [0.001] [0.001]
aIMLDB -0.030*** -0.029*** -0.031***
[0.001] [0.001] [0.001]
aIMLM -0.007*** -0.006*** -0.008*** -0.008*** -0.007*** -0.009***
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
aIMK -0.013*** -0.013*** -0.014*** -0.014*** -0.015*** -0.015***
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
aIMIS -0.115*** -0.116*** -0.113*** -0.115*** -0.117*** -0.114***
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
aKLD 0.006*** 0.007*** 0.006***
[0.001] [0.001] [0.001]
aKLDW 0.002* 0.009*** -0.001
[0.001] [0.001] [0.002]
aKLDB 0.009*** 0.006*** 0.010***
[0.001] [0.001] [0.002]
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4.1 Output elasticities
Output elasticities for each input are reported in Table 5. In
the whole sample (column 1) the doubling of migrant
labour would correspond to an increase of only 1 % in the
output of Italian manufacturing, while the contribution of
natives would be fifteen times larger. The output elastici-
ties are in general pretty similar among the sub-groups of
firms. However, it is worth noting that a slightly higher
contribution of foreign labour is shown for low skill
intensive sectors while the contribution of domestic labour
is slightly higher for firms in high skill intensive sectors.19
The lower contribution of migrants to output may be
related to different reasons. Migrants may be employed in
less skill intensive tasks or less value-added intensive tasks
with respect to native blue collars. In addition, they might
have lower productivity in the use of the firms’ machinery
and, more in general, of capital equipment due to lower
levels of experience and familiarity with the use of all
equipment and machinery employed by Italian manufac-
turing firms.20
From these elasticities it is possible to assess how,
ceteris paribus, the observed change in the employment of
migrant labour may affect the distribution of economic
activity between high and low skill intensive sectors. The
Table 3 continued
Y ¼ FðLD; LM ; K; IM; ISÞ Y ¼ FðLDW ; LDB; LM ; K; IM; ISÞ
All High skill
intensive
Low skill
intensive
All High skill
intensive
Low skill
intensive
[1] [2] [3] [4] [5] [6]
aKLM 0.002*** 0.002*** 0.003*** 0.002*** 0.002** 0.002**
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
aKIS -0.008*** -0.010*** -0.007*** -0.008*** -0.012*** -0.006***
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
aISLD -0.034*** -0.036*** -0.033***
[0.001] [0.001] [0.001]
aISLDW -0.011*** -0.014*** -0.009***
[0.001] [0.001] [0.001]
aISLDB -0.021*** -0.019*** -0.021***
[0.001] [0.001] [0.001]
aISLM -0.004*** -0.003*** -0.003*** -0.005*** -0.004*** -0.006***
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
aLDLM 0.006*** 0.004*** 0.007***
[0.001] [0.001] [0.001]
aLDW LM 0.001 0.003*** -0.002*
[0.001] [0.001] [0.001]
aLDBLM 0.008*** 0.004*** 0.012***
[0.001] [0.001] [0.001]
aLDW LDB 0.014*** 0.016*** 0.005**
[0.001] [0.001] [0.002]
Observations 3,391 1,865 1,526 3,368 1,850 1,518
R-squared 0.993 0.993 0.993 0.993 0.993 0.993
Robust S.E. in brackets. All specifications also include area, time and sector dummies together with controls for regional unemployment rate and
regional share of irregular workers
*** p\0:01; ** p\0:05; * p\0:1
19 Output elasticities for domestic labour, capital and material are
close to the ones found by Yasar and Morrison Paul (2008) for
Turkey, even if their set of production inputs is slightly different from
ours.
20 The overall evidence of a low contribution of migrants to
manufacturing output might stem from the high correlation between
the domestic and foreign labour indicators. If this was the case, a
spurious complementarity relationship between the two factor inputs
might also display. In order to ascertain the strength of such a
collinearity we have calculated the correlation coefficient between
domestic—total, white and blue collar—labour and foreign labour
and in each case the correlation coefficient was lower than 0.4. In
addition, to assess multicollinearity among the factor inputs in our
system of equations, we computed the Variance Inflation Factors,
which all proved rather low. We are grateful to an anonymous referee
for having raised this point.
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Table 4 Cost function estimates
Y ¼ FðLD; LM ; K; IM; ISÞ Y ¼ FðLDW ; LDB; LM ; K; IM; ISÞ
All High skill
intensive
Low skill
intensive
All High skill
intensive
Low skill
intensive
[1] [2] [3] [4] [5] [6]
bLD 0.758*** 0.793*** 0.773***
[0.028] [0.041] [0.039]
bLDW 0.232*** 0.237*** 0.255***
[0.021] [0.027] [0.033]
bLDB 0.553*** 0.490*** 0.612***
[0.026] [0.035] [0.038]
bLM 0.148*** 0.181*** 0.082*** 0.093*** 0.134*** 0.039
[0.013] [0.017] [0.019] [0.020] [0.028] [0.029]
bIM -0.519*** -0.598*** -0.509*** -0.429*** -0.441*** -0.470***
[0.058] [0.080] [0.079] [0.047] [0.064] [0.067]
bIS 0.612*** 0.624*** 0.654*** 0.551*** 0.580*** 0.564***
[0.051] [0.069] [0.070] [0.041] [0.054] [0.058]
bLDLD 0.012* 0.004 0.019*
[0.007] [0.011] [0.010]
bLDW LDW 0.004 0.014** -0.016**
[0.004] [0.005] [0.006]
bLDBLDB 0.006 0.021*** -0.015*
[0.005] [0.007] [0.008]
bLM LM -0.004* 0.001 -0.008*** -0.003 0.001 -0.007**
[0.002] [0.003] [0.003] [0.002] [0.003] [0.003]
bLDLM -0.009*** -0.019*** 0.001
[0.002] [0.003] [0.003]
bLDW LM -0.002 -0.006** 0.003
[0.002] [0.003] [0.003]
bLDW LDB -0.006 -0.016*** 0.013**
[0.004] [0.005] [0.006]
bLDBLM -0.010*** -0.014*** -0.007**
[0.002] [0.003] [0.003]
bIMIM -0.994*** -0.644*** -1.204*** -1.032*** -0.716*** -1.179***
[0.075] [0.122] [0.099] [0.074] [0.122] [0.098]
bISIS -0.908*** -0.583*** -1.059*** -0.943*** -0.668*** -1.008***
[0.078] [0.126] [0.104] [0.0751] [0.122] [0.101]
bIMLD 0.021 0.02 0.037*
[0.014] [0.019] [0.021]
bIMLDW -0.009* -0.002 -0.013*
[0.005] [0.007] [0.007]
bIMLDB 0.039*** 0.018 0.073***
[0.009] [0.011] [0.014]
bIMLM 0.028*** 0.027*** 0.030*** 0.029*** 0.026*** 0.035***
[0.003] [0.004] [0.005] [0.003] [0.004] [0.004]
bIMIS 0.946*** 0.597*** 1.138*** 0.973*** 0.675*** 1.084***
[0.075] [0.123] [0.099] [0.073] [0.121] [0.097]
bISLD -0.024* -0.005 -0.056***
[0.012] [0.017] [0.018]
bISLDW 0.014*** 0.010* 0.013**
[0.004] [0.006] [0.006]
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percentage growth in output explained by the hiring of
foreign workers can be simply obtained by multiplying the
estimated elasticities by the effective average growth in the
use of migrant labour.
Table 6 reports the observed percentage increase in the
employment of migrant workers (dlnLM) for the estimation
sample, which turns into a contribution of around 0.03 %
to the average growth in manufacturing output (0.03 and
Table 4 continued
Y ¼ FðLD; LM ; K; IM; ISÞ Y ¼ FðLDW ; LDB; LM ; K; IM; ISÞ
All High skill
intensive
Low skill
intensive
All High skill
intensive
Low skill
intensive
[1] [2] [3] [4] [5] [6]
bISLDB -0.030*** -0.009 -0.064***
[0.007] [0.009] [0.012]
bISLM -0.014*** -0.009*** -0.022*** -0.014*** -0.00739** -0.0243***
[0.002] [0.003] [0.004] [0.002] [0.003] [0.004]
cK -0.099*** -0.099*** -0.097*** -0.066*** -0.075*** -0.062***
[0.006] [0.009] [0.008] [0.016] [0.023] [0.022]
cKLD 0.023*** 0.023*** 0.024***
[0.002] [0.003] [0.003]
cKLDW 0.011*** 0.014*** 0.008**
[0.002] [0.003] [0.003]
cKLDB 0.013*** 0.010*** 0.017***
[0.002] [0.003] [0.004]
cKLM 0.002* 0.003 0.000 0.003* 0.003 0.002
[0.001] [0.002] [0.002] [0.002] [0.002] [0.002]
cKIS 0.005** 0.001 0.012*** 0.007*** 0.004 0.012***
[0.002] [0.003] [0.003] [0.002] [0.003] [0.003]
cKIM -0.031*** -0.027*** -0.037*** -0.039*** -0.036*** -0.043***
[0.003] [0.004] [0.004] [0.003] [0.004] [0.004]
cY 1.333*** 1.335*** 1.342*** 1.163*** 1.168*** 1.185***
[0.008] [0.013] [0.011] [0.021] [0.032] [0.030]
cYLD -0.100*** -0.099*** -0.107***
[0.003] [0.004] [0.004]
cYLDW -0.033*** -0.037*** -0.031***
[0.003] [0.004] [0.004]
cYLDB -0.074*** -0.068*** -0.081***
[0.004] [0.005] [0.005]
cYLM -0.014*** -0.014*** -0.009*** -0.011*** -0.009*** -0.009***
[0.002] [0.003] [0.003] [0.002] [0.003] [0.003]
cYIM 0.150*** 0.148*** 0.152*** 0.157*** 0.149*** 0.162***
[0.004] [0.005] [0.006] [0.004] [0.006] [0.006]
cYIS -0.036*** -0.035*** -0.036*** -0.044*** -0.040*** -0.046***
[0.003] [0.005] [0.005] [0.003] [0.005] [0.005]
cYK 0.006*** 0.005*** 0.006*** 0.005*** 0.005*** 0.004***
[0.001] [0.001] [0.001] [0.001] [0.002] [0.001]
Observations 3,367 1,848 1,519 3,338 1,831 1,507
R-squared 0.995 0.995 0.995 0.993 0.994 0.993
Robust S.E. in brackets. All specifications also include area, time and sector dummies together with controls for regional unemployment rate and
regional share of irregular workers
*** p\0:01; ** p\0:05; * p\0:1
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0.05 % for high and low skill intensive sectors, respec-
tively). This implies that the observed growth in migrant
labour could explain 0.02 % of the output increase of a low
skill intensive firm with respect to the average manufac-
turing firm, and the relative decrease in the output of a high
skill intensive firm by the same percentage. If the estimated
elasticities are applied to each firm in our sample according
to the sector she belongs to, the overall effect would
approximately correspond to an increase of 2 % of the
weight of low skill intensive sectors in the aggregate of
manufacturing. In other words, ceteris paribus, the
observed increase in the foreign-born workforce could
explain by itself a rise by approximately 2 % in the weight
of low skill intensive sectors.
When domestic labour is split into white and blue col-
lars, the right side of Table 5 confirms the above results of
a lower contribution of foreign labour to production—when
compared to both native skilled and unskilled labour—and
its relatively higher importance in low skill intensive sec-
tors. As expected, the contribution of white collars is
instead higher in high skill intensive sectors.
4.2 Demand elasticities
Table 7 shows partial demand elasticities which refer to the
degree of p-substitutability21 between each pair of inputs.
The general message is that domestic and foreign labour
are p-complements in Italian manufacturing production.
Domestic and foreign workers in fact are likely to per-
form different tasks in the firm production process without
competing against each other. Even when natives are
employed as blue collars, they may be involved in more
specialised tasks, while firms may hire migrant workers for
manual and routine jobs with the lowest skill content (Peri
and Sparber 2009; Ottaviano and Peri 2011). This would
also explain the higher contribution of native workers to
output compared to migrants that we have highlighted in
the previous paragraph.
Table 5 Output elasticities
Y ¼ FðLD; LM ; K; IM; ISÞ Y ¼ FðLDW ; LDB; LM ; K; IM; ISÞ
All High skill
intensive
Low skill
intensive
All High skill
intensive
Low skill
intensive
[1] [2] [3] [4] [5] [6]
K 0.039*** 0.038*** 0.045*** 0.043*** 0.043*** 0.046***
[0.001] [0.002] [0.002] [0.001] [0.002] [0.002]
LD 0.144*** 0.160*** 0.137***
[0.002] [0.003] [0.003]
LDW 0.062*** 0.070*** 0.054***
[0.002] [0.003] [0.003]
LDB 0.081*** 0.080*** 0.081***
[0.002] [0.003] [0.003]
LM 0.014*** 0.012*** 0.015*** 0.019*** 0.015*** 0.022***
[0.001] [0.001] [0.002] [0.001] [0.002] [0.002]
IM 0.520*** 0.502*** 0.533*** 0.515*** 0.504*** 0.523***
[0.001] [0.002] [0.002] [0.001] [0.002] [0.002]
IS 0.282*** 0.288*** 0.269*** 0.280*** 0.288*** 0.275***
[0.002] [0.002] [0.002] [0.002] [0.003] [0.003]
S.E. in brackets. Output elasticities are computed at the sample average of the variables
*** p\0:01; ** p\0:05; * p\0:1
Table 6 Observed growth in labour input quantities and prices
All (%) High skill intensive (%) Low skill intensive (%)
dlnLD 0.59 1.05 0.01
dln PD 3.28 3.19 3.40
dlnLM 3.34 2.95 3.84
dln PM 4.67 4.32 5.11
dlnLDW 2.13 2.13 2.12
dln PDW 4.52 2.82 6.88
dlnLDB 0.34 0.97 -0.45
dln PDB 2.15 2.52 1.67
Authors’ calculation on the Capitalia sample
Changes in the sample period are reported
21 We only show the estimated elasticities for the domestic and
foreign labour with respect to each other and to the remaining inputs;
by symmetry, their signs also tell the kind of relationship of the
remaining inputs with respect to domestic and foreign labour.
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The elasticity of the demand of migrant workers with
respect to domestic wages is shown to be higher than the
elasticity of domestic labour with respect to the wage of
foreign workers. From this, the observed change in the
price of native labour accounts for 48 % of the total vari-
ation in foreign employment while the variation in
migrants’ wages accounts only for 25 % of the change in
the use of domestic labour.22
The own elasticities are shown to be generally higher in
absolute value for the ‘‘weaker’’ group—i.e. foreign
workers—and this supports the evidence on segmented
labour markets provided by Hamermesh (1993) which also
corroborates the estimates of the own elasticity of natives
around 0.23 in absolute value.
Domestic white and blue collars seem to be p-substitutes
in low skill intensive sectors. The same relationship,
although not significant, concerns foreign labour and
domestic white collars, thus generally hinting at substitut-
ability between high and low skilled labour in the most
traditional sectors of Italian manufacturing.
Turning to the relationship with the other inputs, foreign
labour results p-substitute with respect to materials. Since
p-substitutability with respect to materials concerns also
domestic blue collars, we could read such results as evi-
dence of potential vertical integration/disintegration pro-
cesses in response to increasing/decreasing costs for
materials. This finding recalls the evidence provided by
Barba Navaretti et al. (2008) on Italian offshorers as less
likely to employ foreign-born workforce.
Table 7 Partial demand elasticities: direct estimates from the cost
function
All High skill intensive Low skill intensive
C ¼ FðpLD ; pLM ; K; pIM ; pISÞ
gxLD pLD -0.738*** -0.765*** -0.707***
[0.035] [0.049] [0.051]
gxLD pLM -0.032*** -0.070*** 0.013
[0.012] [0.016] [0.017]
cxLD K 0.114*** 0.107*** 0.124***
[0.009] [0.013] [0.013]
gxLD pIM 0.598*** 0.573*** 0.690***
[0.069] [0.090] [0.105]
gxLD pIS 0.171*** 0.262*** 0.003
[0.060] [0.077] [0.093]
gxLM pLM -1.279*** -0.932*** -1.827***
[0.150] [0.176] [0.280]
gxLM pLD -0.485*** -0.899*** 0.267
[0.177] [0.206] [0.342]
cxLM K 0.176* 0.173 0.037
[0.104] [0.123] [0.198]
gxLM pIM 2.540*** 2.088*** 3.616***
[0.214] [0.223] [0.474]
gxLM pIS -0.777*** -0.256 -2.055***
[0.183] [0.187] [0.407]
C ¼ FðpLDW ; pLDB ; pLM ; K; pIM ; pISÞ
gxLDW pLDW -0.835*** -0.600*** -1.385***
[0.136] [0.141] [0.165]
gxLDW pLDB -0.13 -0.327** 0.413***
[0.128] [0.132] [0.157]
gxLDW pLM -0.06 -0.137* 0.080
[0.071] [0.075] [0.084]
cxLDW pK 0.373*** 0.364*** 0.207**
[0.073] [0.079] [0.083]
gxLDW pIM 0.18 0.439** 0.180
[0.172] [0.180] [0.194]
gxLDW pIS 0.745*** 0.533*** 0.626***
[0.145] [0.150] [0.163]
gxLDB pLDB -0.839*** -0.660*** -1.155***
[0.069] [0.088] [0.120]
gxLDB pLDW -0.05 -0.156** 0.231***
[0.049] [0.063] [0.088]
gxLDB pLM -0.117*** -0.162*** -0.095*
[0.031] [0.040] [0.051]
cxLDB K 0.167*** 0.120*** 0.246***
[0.033] [0.043] [0.054]
gxLDB pIM 1.019*** 0.713*** 1.599***
[0.113] [0.137] [0.207]
gxLDB pIS -0.11 0.17 -0.667***
[0.096] [0.113] [0.180]
gxLM pLM -1.260*** -0.887*** -1.724***
[0.200] [0.241] [0.363]
Table 7 continued
All High skill intensive Low skill intensive
gxLM pLDW -0.16 -0.373* 0.340
[0.175] [0.204] [0.355]
gxLM pLDB -0.753*** -0.927*** -0.713*
[0.199] [0.229] [0.385]
cxLM K 0.303* 0.29 0.200
[0.169] [0.248] [0.232]
gxLM pIM 2.955*** 2.334*** 4.446***
[0.237] [0.255] [0.497]
gxLM pIS -0.878*** -0.24 -2.433***
[0.198] [0.210] [0.423]
S.E. in brackets. cxLM K , cxLD K , cxLDW K , and cxLDB K , actually represents
the demand elasticity of LM , LD, LDW and LDB, respectively, when the
fixed factor increases
*** p\0:01; ** p\0:05; * p\0:1
22 From Table 6 ^dlnLD ¼ jgxLD pLM j  dln PLM =dlnLD ¼ 0:032 
4:67=0:59 ¼ 0:253 and ^dlnLM ¼ jgxLM pLD j  dln PLD=dlnLM ¼ 0:485
3:28=3:34 ¼ 0:476.
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Table 8 Morishima elasticities of substitution,
olnðXi=XjÞ
olnpj
All High skill
intensive
Low skill
intensive
All High skill
intensive
Low skill
intensive
[1] [2] [3] [4] [5] [6]
C ¼ FðpLD ; pLM ; K; pIM ; pISÞ C ¼ FðpLDW ; pLDB; pLM ; K; pIM ; pISÞ
olnðLD=XjÞ
olnpj
olnðLDW =XjÞ
olnpj
mesLDLM 1.247*** 0.862*** 1.840*** mesLDW LDB 0.714*** 0.332* 1.568***
[0.159] [0.189] [0.292] [0.171] [0.189] [0.241]
mesLDIM 3.106*** 2.424*** 3.580*** mesLDW LM 1.196*** 0.750*** 1.804***
[0.171] [0.274] [0.233] [0.242] [0.286] [0.410]
mesLDIS 4.056*** 3.020*** 4.335*** mesLDW IM 2.711*** 2.402*** 2.982***
[0.298] [0.468] [0.398] [0.237] [0.318] [0.291]
mesLDW IS 4.819*** 3.627*** 4.822***
[0.325] [0.479] [0.411]
olnðLDB=XjÞ
olnpj
mesLDBLDW 0.787*** 0.444** 1.616***
[0.172] [0.187] [0.234]
mesLDBLM 1.143*** 0.725*** 1.629***
[0.217] [0.265] [0.387]
mesLDBIM 3.546*** 2.676*** 4.402***
[0.195] [0.301] [0.294]
mesLDBIS 3.964*** 3.267*** 3.529***
[0.301] [0.457] [0.440]
olnðLM=XjÞ
olnpj
olnðLM=XjÞ
olnpj
mesLM LD 0.250 -0.130 0.973*** mesLM LDW 0.677*** 0.230 1.721***
[0.178] [0.209] [0.340] [0.263] [0.292] [0.450]
mesLM LDB 0.090 -0.270 0.440
[0.234] [0.278] [0.429]
mesLM IM 5.048*** 3.938*** 6.506*** mesLM IM 5.482*** 4.298*** 7.250***
[0.270] [0.354] [0.522] [0.287] [0.377] [0.540]
mesLM IS 3.108*** 2.503*** 2.277*** mesLM IS 3.196*** 2.854*** 1.764***
[0.357] [0.496] [0.603] [0.354] [0.485] [0.607]
olnðLIM=XjÞ
olnpj
olnðLIM=XjÞ
olnpj
mesIMLD 0.984*** 1.021*** 0.974*** mesIMLDW 0.845*** 0.635*** 1.398***
[0.0544] [0.0770] [0.0783] [0.138] [0.145] [0.167]
mesIMLDB 0.993*** 0.777*** 1.366***
[0.0759] [0.0972] [0.132]
mesIMLM 1.348*** 1.005*** 1.895*** mesIMLM 1.329*** 0.954*** 1.802***
[0.150] [0.177] [0.281] [0.200] [0.242] [0.364]
olnðLIS=XjÞ
olnpj
olnðLIS=XjÞ
olnpj
mesISLD 0.860*** 0.963*** 0.709*** mesISLDW 0.912*** 0.673*** 1.466***
[0.0570] [0.0785] [0.0825] [0.136] [0.142] [0.165]
mesISLDB 0.809*** 0.709*** 1.000***
[0.0731] [0.0928] [0.127]
mesISLM 1.242*** 0.917*** 1.760*** mesISLM 1.223*** 0.875*** 1.649***
[0.150] [0.176] [0.280] [0.200] [0.242] [0.363]
S.E. in brackets. MES are computed according to formula 5
*** p\0:01; ** p\0:05; * p\0:1
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P-complementarity holds between foreign labour and
services in the overall sample and in low skill intensive
sectors. Anyway, it is difficult to deepen this finding
without any description of the kind of services entering the
firms’ production processes.
4.3 Morishima elasticities of substitution
Although domestic and foreign labour appear to be
complements according to the traditional absolute defini-
tion of complementarity that has usually been addressed in
the literature, it may well happen that factor price varia-
tions—through changes in the absolute demands—induce
significant changes in the relative use of inputs and hence
in the production techniques adopted at the firm level.
Table 8 shows that domestic and foreign labour are
indeed MES-substitutes since an increase in the wage of
migrants increases the natives/migrants ratio: a 1 % increase
in the price of migrant labour causes the demand of migrants
to decrease more than the demand of natives. Anyway, it is
interesting to highlight that an increase in the wage of
natives is followed by a change in the migrants/natives ratio
only in low skill intensive sectors, where the positive sign
suggests that production techniques may become more
migrant labour intensive as domestic wages increase.
Turning to the remaining elasticities, they all show a
positive sign. A 1 % increase in the price of materials is
followed by an increase of 5.05 % in the migrants/mate-
rials ratio. The finding might point again at the vertical
integration/disintegration process that firms undertake as a
cost-saving strategy when material suppliers apply higher/
lower prices. In general, the MES elasticities with respect
to materials are higher for foreign than for domestic labour.
The reverse holds true as far as elasticities with respect to
services are taken into account.
4.4 Skill ratio
Finally, an interesting point is to assess how the white-
collar/blue-collar ratio, SR ¼ LDWðLDBþLMÞ, changes in response
to a 1 % change in the availability of migrants. From the
derivation of the skill ratio with respect to the price of
foreign labour we have:
dlnSR
dlnPLM
¼gLDW LM gLDBLM 
LDB
ðLDBþLMÞgLMLM 
LM
ðLDBþLMÞ
from which follows
dlnSR
dlnLM
¼ gLDW LM
gLMLM
 gLDBLM
gLMLM
 LDBðLDB þ LMÞ 
LM
ðLDB þ LMÞ
ð6Þ
Table 9 shows that an increase by 1 % in foreign labour
causes a reduction of 0.17 % in the skill ratio for the
overall sample, and of 0.21 % for low skill intensive sec-
tors (the coefficient turns to be non significant for high skill
intensive sectors). When we take into account the observed
average annual growth in the availability of migrant blue
collars in the second row of the Table, migrant labour
growth is associated, ceteris paribus, with a decline in the
skill ratio around 0.55 %, mainly driven by the result on
low skill intensive sectors (-0.79 %). Had the availability
of migrants not increased in these sectors, the growth in the
skill ratio could have been higher (4 % instead of the actual
3.2 %).
4.5 Robustness checks
We test the robustness of our results to the change of the
proxy of the natives’ and migrants’ wages. Due to confi-
dentiality reasons, Italian firm-level wages by worker
nationality are not publicly available to researchers. Nev-
ertheless, to test the robustness of our results to a more
detailed definition of wages than the region-sector one
adopted in the baseline cost function specification, we
further take into account the possibility that firms may face
different wages according to their size. We then exploit a
more disaggregated wage measure, for both natives and
migrants, which varies across region, sector and firm’s
size.23
All results previously discussed remain qualitatively
unchanged; for the sake of brevity,24 we show here in
Table 10 only the Morishima elasticities of substitution and
the results regarding the skill ratio. Our findings seems to
Table 9 Changes in the skill ratio explained by observed migration
changes
All High skill int.
sectors
Low skill int.
sectors
dlnSR
dlnLM
-0.166** -0.147 -0.206***
[0.065] [0.101] [0.062]
dlnSR
dlnLM
 dlnLM -0.553** -0.433 -0.790***
[0.216] [0.297] [0.239]
S.E. in brackets. dlnSR
dlnLM
is computed according to Eq. 6
*** p\0:01; ** p\0:05; * p\0:1
23 We consider five size classes: less than 20 employees, 20–49
employees, 50–249 employees, 250–499 employees and more than
500 employees. This proxy has been kindly provided by Laboratorio
Revelli, a research center that elaborates for INPS all administrative
data on workers.
24 The complete set of results is available upon request.
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Table 10 Robustness: Morishima elasticities of substitution and skill ratio
All High skill
intensive
Low skill
intensive
All High skill Low skill
[1] [2] [3] [4] [5] [6]
C ¼ FðpLD ; pLM ; K; pIM ; pISÞ C ¼ FðpLDW ; pLDB; pLM ; K; pIM ; pISÞ
olnðLD=XjÞ
olnpj
olnðLDW =XjÞ
olnpj
mesLDLM 1.060*** 0.628*** 1.698*** mesxLDW pLDB 0.718*** 0.274 1.373***
[0.186] [0.181] [0.395] [0.181] [0.187] [0.279]
mesLDIM 2.870*** 2.193*** 3.349*** mesxLDW pLM 1.265*** 0.700*** 1.813***
[0.180] [0.301] [0.240] [0.241] [0.266] [0.385]
mesLDIS 4.293*** 3.077*** 4.732*** mesxLDW pIM 2.454*** 2.112*** 2.688***
[0.307] [0.513] [0.389] [0.243] [0.331] [0.330]
mesxLDW pIS 5.163*** 3.854*** 5.321***
[0.329] [0.504] [0.436]
olnðLDB=XjÞ
olnpj
mesxLDB pLDW 0.743*** 0.347* 1.464***
[0.179] [0.180] [0.279]
mesxLDB pLM 1.258*** 0.690*** 1.735***
[0.218] [0.251] [0.347]
mesxLDB pIM 3.313*** 2.391*** 3.983***
[0.205] [0.321] [0.289]
mesxLDB pIS 4.287*** 3.510*** 4.011***
[0.305] [0.487] [0.430]
olnðLM=XjÞ
olnpj
olnðLM=XjÞ
olnpj
mesLM LD 0.25 -0.144 0.979** mesLM LDW 0.626** 0.145 1.525***
[0.209] [0.200] [0.455] [0.266] [0.275] [0.451]
mesLM LDB 0.377 -0.171 0.954**
[0.243] [0.278] [0.391]
mesLM IM 4.725*** 3.427*** 6.469*** mesLM IM 5.024*** 3.838*** 6.117***
[0.309] [0.369] [0.677] [0.291] [0.385] [0.491]
mesLM IS 3.248*** 2.614*** 2.332*** mesLM IS 3.573*** 3.127*** 2.599***
[0.384] [0.531] [0.707] [0.352] [0.506] [0.561]
olnðLIM=XjÞ
olnpj
olnðLIM=XjÞ
olnpj
mesIMLD 0.715*** 0.682*** 0.789*** mesIMLDW 0.738*** 0.483*** 1.282***
[0.0577] [0.0889] [0.0767] [0.143] [0.136] [0.217]
mesIMLDB 0.837*** 0.588*** 1.124***
[0.0804] [0.0979] [0.126]
mesIMLM 1.129*** 0.745*** 1.738*** mesIMLM 1.372*** 0.872*** 1.802***
[0.178] [0.169] [0.385] [0.200] [0.228] [0.325]
olnðLIS=XjÞ
olnpj
olnðLIS=XjÞ
olnpj
mesISLD 0.718*** 0.677*** 0.759*** mesISLDW 0.838*** 0.562*** 1.388***
[0.0604] [0.0909] [0.0795] [0.142] [0.134] [0.215]
mesISLDB 0.729*** 0.590*** 0.852***
[0.0773] [0.0937] [0.121]
mesISLM 1.044*** 0.669*** 1.633*** mesISLM 1.284*** 0.807*** 1.672***
[0.178] [0.168] [0.384] [0.199] [0.227] [0.324]
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be confirmed, when we take into account heterogeneous
wages by firm size. In other words, even if we are pre-
vented from controlling for wages computed at firm level,
results in Table 10 show that moving to a finer definition of
unit labour costs does not affect our main findings. In
addition, the advantage of using aggregate information on
input costs in this context might be relevant to mitigate
endogeneity issues.
5 Conclusion
With this paper we contribute to the existing firm level
evidence on the role of foreign labour to manufacturing
production. By exploiting the information on the extra-EU
workforce hired by Italian manufacturing firms, we model
a flexible functional form for the firm level technology with
five inputs: domestic labour, foreign labour, materials,
services and capital. In a second stance, native labour is
further split according to the skill contents of the job into
white and blue collars. From the coefficients of the esti-
mated production and cost functions we retrieve the output,
partial demand elasticities and the Morishima elasticity of
substitution among the inputs, in order to highlight the role
of foreign labour in the Italian manufacturing production.
The focus is on both its contribution to the overall pro-
duction and its interaction with respect to the remaining
inputs, especially native labour.
Our results show that the estimated elasticity of output
with respect to extra-EU migrant labour is generally very
small compared to the elasticity to native labour. Differ-
ently from previous empirical studies, but in line with the
standard trade theory predictions, we find that, ceteris
paribus, an increase in the adoption of foreign labour may
change the manufacturing output mix in favour of low skill
intensive sectors.
When turning to the evidence on the complementarity/
substitutability nexus between foreign and domestic labour,
foreign workers are p-complements with respect to blue
collar natives and, in high skill intensive sectors, they are
also complements with respect to high skilled native
labour.
In general, foreign labour seems to represent an element
of flexibility in the firm technology: its own and cross
estimated elasticities are much higher than the ones esti-
mated for native labour and it is also more responsive to
what happens to non-labour variable factors such as
materials and services.
When we investigate the Morishima elasticities of sub-
stitution, the foreign/domestic labour ratio in production
only increases if migrants are ready to accept lower wages,
while it never changes in response to an increase in the wage
of native workers. However, when splitting domestic labour
into high and low skilled workers, white collars are MES-
substitutes for blue collars (both native and foreign) and
vice-versa. This may suggest that when the price of skilled
labour increases, firms tend to downgrade their production
techniques towards less skill intensive ones. Turning to the
effect of an increased availability of blue collar migrants on
the ratio of white to blue collar workers, we find that ceteris
paribus the presence of migrants modestly reduces the ratio
in low skill intensive sectors only.
From the above evidence it emerges that, although in
our sample period extra-EU migrants explain a small
fraction of Italian manufacturing production and they do
not seem to represent a direct threat for native employment
in manufacturing, a sharp increase in their availability
might foster production of firms in less skill intensive
sectors and push them towards the use of low skill inten-
sive production techniques. National data indeed show that
in 2006 only 9 % of the whole foreign employment was
represented by skilled workers, and in 2008 this share
decreased to 8 %.
Unfortunately, our firm level data have a short time
coverage and this fact represents a serious limit to the
analysis of structural issues. Were detailed information
Table 10 continued
All High skill
intensive
Low skill
intensive
All High skill Low skill
[1] [2] [3] [4] [5] [6]
Skill ratio
dlnSR
dlnLM
-0.131** -0.135 -0.143*
[0.065] [0.105] [0.073]
dlnSR
dlnLM
 dlnLM -0.439** -0.398 -0.550*
[0.219] [0.310] [0.281]
S.E. in brackets. MES are computed according to formula 5
Elasticities are obtained by exploiting sector-region-firm size level averages of natives’ and migrants’ wages
*** p\0:01; ** p\0:05; * p\0:1
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available, further work could investigate the relationship
between innovative activity and the increased availability
of low skilled foreign workers and evaluate their contri-
bution to the growth of the total factor productivity. If
innovation activity goes hand in hand with production skill
intensity, our results would suggest that innovation might
be discouraged by the availability of cheap low skilled
migrant labour; in addition, the specialisation of firms may
move, within the same sector, towards less sophisticated
and skill intensive goods.
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Appendix 1: Wage bill—comparison WHIP balance
sheet
In order to check the consistency of information on wages
at region-sector level sourced from WHIP with firm level
evidence on total expenditure on wages and salaries (wage
bill) from balance sheet data, for each firm we re-compute
the total wage bill on the basis of region-sector level
average wages for domestic and extra-EU workers. Thus
for each firm we compute:
WageBill WHIPiRSt ¼ wageNatives WHIPRSt  LD it
þ wageExtraEU WHIPRSt  LM it
ð7Þ
We thus compare the wage bill in Eq. 7 to the total wage
bill from balance sheet directly retrieved from balance
sheet data available in Capitalia for each firm i located in
region R and operating in sector S at time t . First, we
compute the correlation coefficient which is extremely
high, 96 %. Second, for each year of our sample and for the
sub-sample of firms employing migrants in 2003, we
compare the whole distribution of the two variables in logs.
Quantile–quantile plots in Figure A, thus, confirm that
when combining the region-sector level information on
wages by worker nationality from WHIP with firm level
information on domestic and extra-EU labour units we get
a firm level total wage bill that is highly consistent with the
one firms declare in their balance sheet.
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Appendix 2: Regularity conditions—monotonicity
Monotonicity entails non-negative estimated revenue/
cost shares. The Table above shows the shares computed
from balance sheet data, Si, and their predicted values, S^i,
as obtained from the estimation of the production function
and cost function, respectively with five and six inputs. The
two sets are pretty similar thus confirming the goodness of
the estimation. To verify the reliability of our predicted
shares, we make use of the average wages from WHIP,
calculate the shares of migrant and domestic workers in
total output and total cost and compare them to the average
of their prediction from the estimates of the empirical
model. The total % of violation of monotonicity, i.e. the
number of negative predictions, is fairly low in general and
slightly higher for the predicted share of migrants from the
cost function. However, comparing the predicted and
‘‘actual’’ shares of foreign and domestic workers in total
output and in total cost we find that, although not exactly
equal, the prediction reflects our calculations (a slightly
worse performance is shown for domestic labour shares,
especially white collar, from the cost function). Sample
averages and the average predictions for material, services
and capital are very similar too. The estimations reported in
the test have been obtained by dropping from the sample
the observations that violate monotonicity.
Share Production function Cost function
Y ¼ FðLD; LM ; K; IM; ISÞ Y ¼ FðLDW ; LDB; LM ; K; IM; ISÞ Y ¼ FðLD; LM ; K; IM; ISÞ Y ¼ FðLDW ; LDB; LM ; K; IM; ISÞ
Mean %Viol. Mean %Viol. Mean %Viol. Mean %Viol.
SL 0.198 0.19 0.216 0.210
S^L 0.186 0.19 0.218 0.212
SLD 0.131 0.165
S^LD 0.144 1.4 0.204 4.16
SLDW 0.05 0.052
S^LDW 0.06 2.10 0.029 0.00
SLDB 0.08 0.087
S^LDB 0.08 1.00 0.076 1.20
SLM 0.010 0.01 0.013 0.012
S^LM 0.014 2.7 0.02 3.41 0.013 25.75 0.012 12.55
SIM 0.468 0.47 0.496 0.509
S^IM 0.520 0.5 0.51 0.00 0.496 0.00 0.507 0.00
SIS 0.249 0.25 0.288 0.281
S^IS 0.282 0.7 0.28 1.00 0.286 0.00 0.281 0.00
SK 0.033 0.03
S^K 0.039 1.6 0.04 1.00
The columns ‘‘Mean’’ contain the computed (S) and estimated (S^) revenue share of inputs. The columns ‘‘%Viol.’’ contain the percentage of
observations violating the monotonicity condition
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Appendix 3: Regularity conditions on own partial price and demand elasticities—quasi-concavity
Sufficient condition for quasi-concavity is that the bor-
dered Hessian is negative semi-definite and this is validated
both at the mean and the median of the sample. The ele-
ments on the main diagonal of the matrix, i.e. the own
partial price and demand elasticities fii, need therefore to be
non positive and the table above shows that this is the case
for our sample. The columns respectively report the sample
mean and median elasticities computed according to for-
mulas epixj ¼ cij  Sj ¼ aijþSiSjSi and gxipj ¼ rij  Sj ¼
bijþSiSj
Si
,
and the elasticities evaluated at the mean of the prediction
of the (revenue/cost) shares and at the mean of the shares
calculated using WHIP wages. In the former case, we
calculate the elasticity for each observation in the sample
and then take respectively the average and the median
together with the average and the median significance
level. The four sets of elasticities are negative and bear
consistent insights, in particular the own price and demand
elasticities are often very similar to the shares computed on
the sample data.
The average of the predicted own price elasticity is
surprisingly positive for services, but since we are going to
work with elasticities calculated at the mean of the pre-
dicted shares this will not represent a problem in the ana-
lysis. Finally, the last column displays the share of
observations with positive estimated elasticities: a few
violations occur for some observations, especially in the
case of the production function, however they do not affect
the results shown in the text (Wales 1977).
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